Purpose: This paper examines the current methodologies and approaches developed to estimate carbon footprint in supply chains and the studies existing in the literature review about the application of these methodologies and other new approaches proposed by some authors.
Introduction
Supply Chain Management (SCM) encompasses the planning and management of all activities involved in sourcing and procurement, conversion, and all logistics management activities (Council of Supply Chain Management Professionals, 2012) which report economic benefits to companies. However, despite being economically feasible, these supply chain are not sustainable, because the can have a negative impact in relation to environmental and social aspects. Thus, the concept of Sustainable Supply Chain Management (SSCM) have emerged in recent years as the strategic, transparent integration and achievement of an organization's social, environmental and economic goals in the systemic coordination of key interorganizational business processes for improving the long-term economic performance of the individual company and its supply chains (Mentzer, DeWitt & Keebler, 2001; Lambert, 2006; Carter & Rogers, 2008 ). The literature review shows some initiatives to improve the sustainability performance of supply chains is context: Svensson (2007) identifies several sustainable business practices in supply chains such as corporate social responsibility, green purchasing strategies, environmental purchasing, reverse logistics, environmental management, life cycle assessment and ISO 14000 certifications among others.
In order to measure and compare the most significant environmental impacts along the supply chains as well as the improvements achieved with the implementation of these initiatives, is necessary methods and tools. There are many approaches to study the environmental (Finnveden & Moberg, 2005) and sustainability aspects of production and consumption (Ness, Urbel-Piirsalu, Anderberg & Olsson, 2007) : qualitative approaches such as industrial ecology, design for environment, and cleaner production and other approaches based on quantitative models, e.g., material flows accounting and strategic environmental assessment and Life Cycle Assessment (LCA), (Heijungs, Huppes & Guinée, 2010) being this tool the most established and well-developed tool in this category (Ness et al., 2007) . Due to the increasing concern about global climate change and carbon emissions as a casual factor (Rotz, Montes & Chianese, 2010) , the term Carbon footprint has become popular over the last few years.
Carbon footprint (CF) is a procedure that is referred to the quantity of greenhouse gases (carbon dioxide, methane, nitrous oxide and halocarbons) produced during product's life cycle (Pihkola, Nors, Kujanpää, Helin, Karimiemi, Pajula et al., 2010) . In fact, CF could be considered as a simplified version of LCA Analysis in which, instead of considering all environmental impacts categories, only the environmental impact category Global Warming is considered.
Concerning supply chains, many researchers agreed the efficiency of carbon management strategies from the point of view of the organization, helping decision makers to achieve sustainability objectives identifying key points in the supply chain, potential risks, and opportunities of improvement (Carballo-Penela & Domenech, 2010) in a cost-effective manner in the design of a green supply chain (Finkbeiner, 2009; Pandey, Agrawal & Pandey, 2010; Hua, Cheng & Wang, 2011; Lee, 2011) such the use of energy-efficient vehicles, waste reduction through process optimization and recycling (Sundarakani, Manikandan, 2010) and from the point of view of consumers, CF can be seen as a subset of the demand for environmental information that is being used for knowledge-based decision making in the context of sustainable consumption and production (Carballo-Peneda & Domenech, 2010) .
This paper examines the current methodologies and approaches developed to estimate CF in supply chains and the studies existing in the literature review about the application of these methodologies and other new approaches proposed by some authors in order to get an overview of the using this approach to the environmental improvement of supply chains.
Carbon Footprint methodologies

General methodologies for calculating Carbon Footprint
In general, methodologies for calculating CF can be classified into the following types IHOBE, 2009) • Methodologies for calculating CF of a territory or country, used for the preparation of emission inventories. These emission inventories are generally calculated through a
methodology called Input-output analysis (EIO).
• Methodologies for calculating CF of an organization (or Corporate CF methodologies)
which identify emissions from all the activities across the organization, including buildings' energy use, industrial processes and company vehicles.
• Methodologies for calculating CF of a product or service which identify emissions over the whole life of a product or service, from the extraction of raw materials and manufacturing right through to its use and final reuse, recycling or disposal.
Both corporate and product CF methods are generally based on LCA-based approaches. Table 1 shows some initiatives and methodological standards (or drafts thereof) and guidances to estimate CF associated with products and organizations. Some of these methodologies, generally corporate CF methodologies such as Greenhouse Gas Protocol (GHG Protocol) (2012), distinguishes three scopes of carbon emissions: direct GHG emissions (Scope 1), electricity indirect GHG emissions (Scope 2), and other indirect GHG emissions (Scope 3) (Lee, 2011) . Because Scopes 1 and 2 footprints are generally less than 25% of the total direct and upstream footprint for a vast majority of businesses, Scope 3 such as indirect emissions from purchased and sold products that should not be ignored as knowledge of them can help inform more holistic approaches to address life cycle footprint across the supply chain (Huang, Weber & Matthews, 2009; Lee, 2011) (Figure 1 ).
-807- (European Commission, 2011; Finkbeiner, 2009; Pandey, Agrawal & Pandey, 2010) 
Experiences in the application of Carbon Footprint methodologies in supply chains
While green supply chain management has become popular, fewer studies have been published on CF in supply chain management (Lee, 2011) . The studies founded in the literature generally show the application of EIO models for estimating CF of some specific sector in a territory or country and the application of methods for estimating CF of some specific organization supply chain listed above and the proposal of new carbon modeling approaches to be applied in the design and managements of supply chains. Table 2 shows a summary of the most relevant studies available in the literature.
-808- Minx, Peters, Wiedmann and Barrett (2008) apply structural path analysis in a generalized multi-regional input-output model to identify GHG emission hotspots in the international supply chain of two food products (product groups) consumed in the UK (meats and oils) and Wiedmann and Minx (2008) 
Discussion
Due to its usefulness for the design and management of a sustainable supply chain management, methodologies for calculating CF across the supply chain are recommended by many authors not only to reduce GHG emissions but also to optimize it in a cost-effective manner. In recent years different methodologies for estimating CF emissions have been developed some of them applicable to supply chains especially methodologies for calculating CF of a specific economic sector supply chain in a territory or country and for calculating CF of -810-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.570
an organization applicable to the estimation of GHG emissions of a specific company supply chain. However these approaches are in first stages of development and the literature is scarce with respect to estimation of GHG emissions in different supply chain. Thus, the literature review shows some of these methodologies which include EIO analysis models and standardized methods and guidance such as developed by GHG Protocol as well as researches about their applicability to specific economic sectors and companies.
